Background: Two-implant overdentures (2-IODs) is an expected treatment option to improve
| INTRODUCTION
Masticatory function can be described in terms of the objective capacity of a person to fragment solid food, or as the subjective response of a person to questions regarding chewed food. Objective masticatory function is defined as masticatory performance (MP) and is often measured by determining an individual's capacity to grind or pulverize a test food after a fixed number of chewing cycles. 1 Evaluation of MP can be used for diagnosis, prognosis, and comparison of the efficacy of prosthetic treatment. Thus, it is important for both patients and clinicians to understand patients' MP. Notably, the MP of edentulous individuals is poorer than that of individuals with complete dentition. Edentulous individuals compensate for their poor MP by chewing longer and swallowing coarser food particles. 2 This low MP makes it uncomfortable to chew hard foods such as raw fruits and vegetables. 3 It has been reported that in Japan the consumption of fruits and vegetables is lower in edentulous individuals than in nonedentulous individuals. 4 To recover MP, 2-implant overdentures (2-IODs) were introduced as a standard treatment option for edentulous individuals. 5 In numerous studies, improvements in MP after the provision of 2-IODs were superior to improvements in MP after the provision of complete dentures (CDs). [6] [7] [8] [9] [10] In patients with severe ridge resorption who had their
CDs replaced with 2-IODs retained by a bar attachment, significant improvements in MP were reported. 7, [11] [12] [13] [14] However, MP of 2-IODs retained by magnet attachments was less than that associated with other attachments. 6 In previous studies, [15] [16] [17] corrosion has been identified as a disadvantage of magnet attachments. However, recent magnet attachment designs include encapsulation in stainless steel, titanium, or palladium by using a laser-welded coating, which results in durable containment that protects the magnets from corrosion. Moreover, recently developed magnet attachments exhibit high retentive forces because the rare-earth alloys used in their production provide considerably greater magnetic force than that exhibited by their predecessors. Due to their low profile and reduced prominence, magnet attachments have other advantages, including ease of prosthesis insertion, simplicity and ease of use in clinical practice, and enhanced patient comfort. 18 In addition, the magnet can be dislodged from its metal base more readily by lateral shearing forces in the magnet attachment system; the ensuing 4. Commitment to undergo at least 4 months of healing after extraction.
Good oral hygiene.
The following exclusion criteria were applied:
1. Uncontrolled systemic disease that could compromise implant surgery.
2. History of chemotherapy or radiography in the head and neck region.
3. Heavy smoker status.
4. A history of taking bisphosphonate.
| Sample size estimation
The primary outcome of the study was the patient reported outcome.
Because there were no previous reports regarding comparisons of patient-reported outcomes of immediately and conventionally loaded mandibular 2-IOD retained by magnet attachments, a sample size of 10 participants per group was chosen for this preliminary study.
| Randomization and blinding
The participants were randomly assigned to either an immediateloading group ("immediate group") or a conventional-loading group ("conventional group"). Randomized treatment allocation was conducted by using stratified randomization with respect to age, gender, and American College of Prosthodontics (ACP) classification. 38 Before implant insertion, all participants were provided with new mandibular
CDs fabricated in the hospital. Blinding was impossible for both participants and clinicians.
| Surgical and prosthetic procedures
The surgical and prosthetic procedures utilized in the current study followed the protocols described in a previous report. In the immediate group, concurrent with implant insertion, keepers (Magfit, Aichi Steel Co, Aichi, Japan) were connected to each implant. Magnet assemblies (Magfit) were then incorporated into the intaglio surface of the dentures intra-orally with autopolymerizing acrylic resin (Unifast III, GC, Japan). In the conventional group, concurrent with implant insertion, two healing abutments were connected to the implants. The inner aspects of the denture base around the healing abutments were relieved. Three months after implant surgery, the healing abutments were replaced with keepers and magnetic assemblies in the same manner as that described for the immediate group.
| Outcome
The assessments described below were performed in all participants before implant placement (baseline) and at 1, 3, 6, 12, 24, and 36 months after implant placement.
| Color-changeable chewing gum
A color-changeable chewing gum (Masticatory Performance Evaluating Gum Xylitol, Lotte, Japan) was used as the test item. Participants were instructed to chew the gum 60 times freely, at a rate of chewing of once per second by using an electronic metronome. 
| Gummy jelly
A test gummy jelly for evaluating masticatory performance (UHA Mikakuto, Japan) was used as the test item. Participants were instructed to chew the gummy jelly 30 times freely. Thereafter, the comminuted gummy jelly was evaluated on a scale of 1-10 by using the scoring methods described in Nokubi et al. 41 2.9 | Maximum occlusal force 
| Statistical analysis
The baseline characteristics of the participants in both groups were compared by using the non-paired t-test and the chi-square test. The
Mann-Whitney U test was used to analyze differences in MP and maximum occlusal force between the two groups at baseline and each evaluation time-point after implant insertion. In addition, subgroup analysis was performed to compare differences in MP between the two groups, including participants who possessed either only edentulous maxillary arches or only maxillary arches with dentition, respectively. Steel's test 42 was used to compare MP and maximum occlusal force at baseline with MP and maximum occlusal force at each evaluation time-point after implant insertion within each group. All statistical analyses were performed by using the statistical software JMP ver.
13 (SAS Institute, North Carolina). Statistical significance was set at P < .05 for all tests.
| RESULTS
The flow of participants in the study is shown in Figure 1 . Twentythree participants with edentulous mandibular arches were initially recruited into the study; we excluded four who did not meet the inclusion criteria: one with uncontrolled diabetes, one who was in poor health, and two who later declined to participate in the study. Therefore, a total of 19 participants (nine male and 10 female) with a mean age of 68.4 years were ultimately enrolled in the study, during 2012 and 2013. Baseline characteristics of the participants are shown in Table 1 . There were no significant differences in age, gender, or ACP classification between the two groups. One participant in the conventional group lost both implants at 1 month after the surgery, and one participant in the immediate group did not undergo the 1-year timepoint evaluation due to hospital admission. One participant in the immediate group died, and one participant in each group did not undergo the 3-year time-point evaluation.
There were no significant differences in MP measured by the color-changeable chewing gum between the two groups at any evaluation time-point (Table 2 ). At the 6-month evaluation time-point, the immediate group exhibited a significantly higher gummy jelly score than the conventional group (Table 3 ). There were no significant differences in maximum occlusal force between the two groups at any evaluation time-point (Table 4) . There were no statistically significant differences between two groups. *Based on non-paired t-test. †Based on chi-square test.
Among 19 participants who were assigned to each group, three with maxillary dentition were included in the immediate group and two with maxillary dentition were included in the conventional group.
Thus, subgroup analysis was performed to compare MP between two groups possessing only edentulous maxillary arches and maxillary arches with dentition, respectively. The results of the subgroup analysis were as follows. The immediate group exhibited a significantly greater change in color-changeable chewing gum than the conventional group at the 3-month (P = .010) and 6-month (P = .022) evaluation time-points, when the analysis solely included edentulous participants. In contrast, the immediate group exhibited a significantly higher gummy jelly score than the conventional group at the 6-month evaluation time-point (P = .019) when the analysis solely included edentulous participants. There were no significant differences in MP measured by color-changeable chewing gum nor gummy jelly scores when the analysis solely included participants with maxillary dentition.
MP measured by the color-changeable chewing gum was significantly higher than baseline at the 36-month evaluation time-point in the immediate group, but there were no other significant differences in either group at any time-point. After the 3-month evaluation time-point, MP measured by gummy jelly score was significantly higher than baseline in the immediate group; however, in the conventional group, the gummy jelly score did not differ significantly from baseline at any evaluation time-point (Table 5) . Maximum occlusal force was significantly higher at the 12-month evaluation time-point in the immediate group, compared with baseline, but there were no other significant differences in either group at any time-point (Table 6) . 
| DISCUSSION
In contrast to the gummy jelly, MP measured by the color-changeable chewing gum did not differ significantly between the two groups at any evaluation time-point. Because the immediate group wore 2-IODs at an earlier time-point than the conventional group, it was expected that the immediate group would exhibit significantly higher MP, as measured by both chewing gum and gummy jelly. The gummy jelly used in this study is elastic and overly hard when the highest percentage of compression is applied 43, 44 ; thus, it is more difficult to bite the gummy jelly than the color-changeable chewing gum, which is sufficiently soft to chew easily. This difference in texture may explain the lack of a significant difference in chewing gum score between the two groups at any evaluation time-point. Moreover, because mixing ability might be more closely correlated with occlusal contact area than comminution ability, it is not necessarily possible to detect a significant difference in mixing ability between old CDs and IODs, regardless of the retention and stability of dentures, because old CDs often exhibit occlusal contact areas that are as large as those of IODs. Therefore, the method with the gummy jelly would be more suitable for edentulous people with 2-IODs, relative to the method with the colorchangeable chewing gum.
The results of the subgroup analysis of MP measured by colorchangeable chewing gum solely among participants with edentulous maxillary arches were inconsistent with the overall lack of significant differences in MP measured by color-changeable chewing gum between the two primary groups at any evaluation time-point in the present study. In contrast, the results of the subgroup analysis of MP measured by the gummy jelly score solely among participants with edentulous maxillary arches were consistent with the overall result of the present study. Therefore, the immediate group solely comprising edentulous participants exhibited significantly higher MP, measured by both gummy jelly and color-changeable chewing gum, than the conventional group at 3 and/or 6 months after implant insertion.
However, the sample size of the subgroup analysis was quite small.
Hence, future RCTs solely involving edentulous participants are required.
In within-group comparisons in the immediate group, from the 3-month time-point onwards the gummy jelly scores were significantly better than the baseline score. This is concordant with a previous study in which 2-IODs retained by bar or ball attachments showed significant improvement in MP 3 months after implant insertion. 45 Conversely, the gummy jelly scores in the conventional group did not differ significantly from the baseline score at any time-point after implant loading, contrary to the expectation that the gummy jelly score would significantly increase as it did in the immediate group.
This lack of a significant increase may be related to the small sample size of the conventional group. In a study with small samples, a single subject can have a large influence on the study results even if they are not formally classified as an outlier.
MP measured by chewing gum increased significantly after the insertion of 2-IODs, compared with CDs prior to implant insertion, in the previous study. [9] [10] [11] However, with regard to within-group comparisons for the color changeable chewing gum in the present study, the sole score that differed significantly from baseline was that at 36 months in the immediate group. The results of the present study might differ from those of the previous study for multiple reasons.
First, the chewing gums used in previous studies were two-layer chewing gums. Mixing ability, assessed by using two-layer chewing gum, was evaluated through chewing of the gum on the participants' habitual chewing side, whereas assessment with color-changeable chewing gum in the present study involved chewing freely. When free chewing and unilateral chewing were compared, consistent unilateral chewing was found to be as efficient as or even more efficient than free chewing, if the side considered was preferred or the more efficient one. 46 Therefore, in edentulous individuals, there may be greater difficulty in detecting significant differences in MP, evaluated by free chewing, compared with that evaluated by unilateral chewing in the preferred chewing side. Second, as noted above, the color-changeable chewing gum is easier to chew than the gummy jelly, even for CD wearers, and in a mixing ability test it is harder to detect a significant difference between 2-IODs and CDs than in a comminution ability test-resulting in a lack of significant difference in chewing gum scores between 2-IODs after implant loading and CDs before implant loading.
There were no significant differences in maximum occlusal force between the two groups at any time-point, and in within-group comparisons of maximum occlusal force compared to baseline in both groups, only the score at 12-months in the immediate group was significant. Notably, in previous studies 6, 8, 10, 47 This study had some limitations. First, the sample size was relatively small; a post hoc analysis indicated that the statistical power for detecting difference in MP between immediately loaded and conventionally loaded 2-IOD was 0.70. Although a significant difference in MP between the two groups was detected, as determined by the gummy jelly, and other useful information for clinical practice was generated, caution is needed when interpreting the results of the study. Thus, the investigation should be considered a preliminary study. Second, as previously mentioned, maxillary occlusion status among the participants was inconsistent. Although mandibular status, rather than maxillary status, may have a greater influence on MP, future RCTs solely involving edentulous participants are required.
| CONCLUSION
Notwithstanding the limitations of the present study, the immediately loaded mandibular 2-IODs retained by magnet attachments exhibited significantly better MP, as determined by gummy jelly score, than the conventionally loaded 2-IODs at earlier periods after implant insertion. Therefore, immediate loading of 2-IODs retained by magnet attachments is recommended with regard to MP.
